The extraction of the angle γ through the measurement of the CP asymmetries of B s decays into CP eigenstates is studied.
Introduction
The extraction of the angles of the unitarity triangle is very important for testing the standard model. The sin 2β has been measured quite precisely, although the extraction of the angle β still has some ambiguity. The extraction of the angle α and γ still has very large error. For a recent review of the extraction of α, β, γ, the reader can be refered to references [1, 2] .
In this short article, we would like to point out that a clean extraction of the angle γ can be achieved from the CP violating asymmetries in B s system, although there are difficulties in the experimental measurements. The point is that, some CP asymmetry for B s decays into CP eigenstates depends only on sin 2γ and free of penguin pollution, so theoretically is very clean. The difficulties are the small branching ratios and CP asymmetries. But because LHC will be running, Tevatron is also accumulating more and more data, it is hopeful to measure the angle γ from CP asymmetries of B s system. In below we shall discuss it in detail. In Section 2 we discuss time-dependent CP asymmetry. The Section 3 devotes to the timeintegrated case. In Section 4 we summarize and discuss experimental prospects. 
Assuming CP T invariance, a pure B 0 s at t = 0 evolves in time as
whereas a pureB 0 s at t = 0 evolves as
where
Define the mixing parameter
The decay amplitude for the final state f is
with |f = CP |f = η CP (f )|f , and η CP (f ) = ±1 is the CP eigenvalue. ForB 0 s,phys (t) →f , we have
From Eqs. (8,10), we have the decay widths
Now we need to calculate λ f andλf . Because we only consider CP -eigenstates, so,
We only need to compute λ f . For some CP -eigenstates,Ā(f )/A(f ) can be read directly from the corresponding decay diagrams. For instants, for
only exchange diagram contributes (Fig.1) ,
This can be proved in general(see the Appedix B in Ref. [3] ).
So, for decay modes of Eq.(16),
where φ ′ is the phase of
In Eq. (21) 
For the decay modes in Eq.(16),
Thus if we measure the time-integrated CP asymmetry from the decay modes of Eq.(16), we can extract sin 2γ too (we need to know x first).
Discission and Conclusion
We have shown that for the decay modes in Eq.(16) the time-dependent and the time-integrated CP asymmetries in B s decays into CP eigen state are proportional to sin 2γ and no penguin pollution. So it is possible to extract the angle γ cleanly from the future LHC experiments. Note that for B s decays into two vector mesons B s → V V , only longitudinally polarized final states are CP eigenstates [5] . We know from PDG 2006 [1] , the angle γ is around 60 • and x is around 25 (D/ 0 and CDF). So the time-integrated CP asymmetry in Eq. (29) is about ±3%. For the branching ratios of the decay modes in Eq.(16), we only have theoretical estimation from QCD factorization approach [6] . Using this we can estimate the number of B s −B s pairs needed for measuring CP asymmetry
We list N BsBs for some decay modes in Table 1 .
From Table 1 we see that the CP asymmetry for decays through pure exchange diagram processes like B s → π + π − , π 0 π 0 etc., the possibility for measuring CP asymmetry seems hopeless at LHC because about 10 11 B sBs pairs can be accumulated for one year running at LHC. The reason is that the branching ratios are too small for the exchange diagram processes. Of course, the corresponding small branching ratios are from QCD factorization prediction. If for some reason, say, final state interactions, the branching ratios are much larger than predicted, it is still hopeful to measure the corresponding CP asymmetries so as to extract the angle γ. But, for the time-dependent CP asymmetry of Eq.(25) there is no dilution factor x ≈ 25 compared with time-integrated CP asymmetry of Eq.(29). So the number of B sBs pairs needed for measuring the time-dependent CP asymmetry is three orders of magnitude less than the numbers of B sBs pairs listed in Table 1 . It might be still hopeful to measure the angle γ at LHC. In summary, the cleanest way to extract sin 2γ is to measure the time-dependent and the time-integrated CP asymmetry of B s decays into CP eigenstates through pure exchange diagram. This can only be done at LHC and future e + e − linear collider.
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